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Abstract 
As a content of smart grid construction, the construction of smart automatic voltage control (Smart AVC) 
is also necessary. The Smart AVC (S10) of power grid, which can provide coordination control for the 
security, economy, and good quality of voltage, is used to analyze and calculate the online voltage 
reactive power optimization and carry out the closed loop control. The application of S10 system to 
Luzhou power grid makes the reactive power optimization of power grid more effective and the closed 
loop control more accurate and it reflects the advancement and practicability of Smart AVC and promotes 
the study and development of smart power grid.
© 2011 Published by Elsevier Ltd.  
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1. Introduction 
In the electric power system, voltage is an important indicator to measure the power quality and the 
prerequisite for the electric power system’s secure and high-quality power supply. The reactive power is 
an important factor influencing the voltage’s quality. The domestic researches on the AVC of reactive 
voltage dated from the 1990s. In the past two decades, the traditional AVC system has played an 
important role in solving the percent of pass of voltage and the percent of pass of voltage of power factor, 
reducing the network loss, and effectively reducing the operation number and switching of power 
transformer’s tap switch, capacitor, and reactor equipment, but there are still some problems in the 
traditional AVC system, for example, the reactive voltage regulation process in the originally designed 
AVC system is not elaborate enough to really realize the in-situ and hierarchical balance of reactive 
power; the data base is not large enough to meet the needs of the mass data of the future electric power 
system; it is unable to reasonably control the voltage fluctuation; it is unable to restore the voltage in a 
self-healing way when the power grid breaks down, but self-healing is the important characteristic and 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the organizing committee 
of 2nd International Confer nc  on Advances in Energy Engineering (ICAEE). Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
Ding Xiaoqun et al.\ / Energy Procedia 14 (2012) 432 – 437 4332 Author ame / Energy Procedia 00 (2011) 000–000 
target of smart power grid. Therefore, it is imperative to study the improvement of functions of AVC, 
which should be also simultaneously carried out with the current smart power grid construction.  
According to the requirements of smart power grid construction, we have developed the Smart AVC 
(S10) based on the technological advantages of traditional AVC and rich engineering experience and 
made the intellectualized improvements on the original AVC system, and we have realized the optimal 
combination between the targets of traditional AVC and the new functions of Smart AVC based on the 
coordination control of the security, economy, and good quality of power grid and by using the analysis 
and calculation of online voltage’s reactive power optimization and the closed loop control.   
2. Functions of Smart AVC (S10) 
Smart AVC, i.e. the intellectualized reactive power optimization and control of power grid, is an 
important content of smart power grid construction. It refers to that under the optimized layout of the 
power grid’s reactive source, the Smart AVC can make the power grid’s voltage quality, line loss, and 
voltage stability reserve gradually realize their optimal operation and reach the best state through the local 
reactive power balance and the automatic control of transformer tap in power stations and transformer 
substations[1].  
The technical features and targets of Smart AVC are the systematic structure, elaborate analysis, smart 
control, and harmonious interaction. The construction idea of Smart AVC is shown in figure 1. 
Fig. 1.The construction idea of Smart AVC 
The Smart AVC is different from the traditional AVC in control target, controlled object, control range, 
and control mode.  
Firstly, the control target is different. The Smart AVC decomposes, coordinates, and generates the 
control target through three levels of targets of the secure and stable voltage, the acceptable voltage 
quality, and the effective power grid operation; it regards the evaluation of the online voltage’s security 
and stability as the highest target and coordinates the control targets from high to low. However, the 
traditional AVC only takes the minimal active loss as the target function to control from the perspective 
of economy.  
The controlled object is different. The Smart AVC not only continues to make the macro adjustments 
for the power grid and as voltage the traditional AVC does but also regulates the power grid and as 
434  Ding Xiaoqun et al.\ / Energy Procedia 14 (2012) 432 – 437 Author n me / Energy Procedia 00 (201 ) 00 –000 3
voltage from the terminal users by using the flexible power transmission devices such as thyristor 
controlled series capacitor (TCSC) and static var compensator (SVC), really realizing the macro and 
micro regulation and coordination control of the power grid and voltage.  
The control range is different. The Smart AVC system consists of the power plant, the power 
transmission, the power distribution, and the power consumer. It integrates, modularizes, and systemizes 
the functions of control, analysis, and automatic feedback and forms a set of complete automatic voltage 
control system which can reflect the contemporary power grid’s characteristics.  
The control mode is different. The Smart AVC uses the dynamic compensation devices to make 
dynamic compensations for the reactive power and it uses the smart control technologies to fulfil the 
following functions: the visual interoperate platform, the function to predict the load and reactive power, 
the function to rapidly analyze security and stability, the function to set smart protection, alarm and 
warming function, accident management function, and the function to backup image files. The traditional 
AVC relies too much on the manual operation and it fails to realize the dynamic and smooth adjustment 
and control.    
The Smart AVC is in consistence with the direction of smart power grid construction. The framework 
of functions of Smart AVC software is shown in Table 1 and the network architecture is shown in figure 
2(a). 
Based on the traditional AVC, the Smart AVC (S10) adds many smart functions to the network 
architecture and software architecture [2][3]. 
• According to the differences in transformer substations’ load characteristics, mode of operation, and 
actual situations, it designs the expert system which can work in accordance with the control mode. 
• It can make the short-term load forecasting for the backbone power plant (the typical power plant) and 
identify the time-sharing load trends on typical days (such as workday and two-day weekend). 
Table 1. The framework of function of Smart AVC (S10) 
Module Branch of Module 
Data acquisition module Automation of power grid management data acquisition 
module 
GPRS wireless communication uploading data acquisition 
module 
Data management module Graphical editing of power grid structure 
Optimized object setting module 
Voltage reactive power 
control module 
Optimization strategy formulation module 
Load prediction module 
Technocracy support module 
Control output module Output module for the reactive power of feeder distribution 
transformer 
Control output module for the reactive voltage of 
transformer substation 
Report management 
module 
Power grid structure data report 
Power grid optimization data report 
Power grid operation analysis report 
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• It applies the increment network algorithms to the power grid; based on the sensitivity analysis of AC 
power flow model, it can conveniently and quickly work out the system variables’ sensitivity to all the 
line parameters.  
• The joint debugging and the coordination control of the major network of AVC and the distribution 
network of AVC can control the reactive power from the bottom to the top and control the voltage 
from the top to the bottom.  
• It adopts Mysql data base（Version 5.1） and fulfils the Hot Standby function and increases the 
reliability of AVC operation. 
• It realizes the integration of modelling map depot and fulfils the template function. 
The main idea of Smart AVC (S10) design is firstly to collect data for the operation of power grid, 
then after the optimization calculation, to generate and implement the coordination control strategy or to 
analyze the main reasons for the unqualified voltage, finally to realize the local reactive power balance of 
the transformer’s low voltage side, the grid line, and the transformer substation on the basis of ensuring 
that all the key nodes are up to standard and the active loss is minimal. 
      
Fig. 2. (a) The network architecture of Smart AVC (S10); (b) Luzhou 500kv/220kv bicyclical backbone network 
3. Basic conditions of Luzhou power grid 
Luzhou is located on the southern edge of Sichuan Basin and the linking part of Sichuan, Yunnan, 
Guizhou, and Chongqing. It is the southern channel leading Sichuan province to the sea and it is an 
important port on the upper reaches of the Yangtze River. Luzhou has jurisdiction over 4 counties, Luxian, 
Hejiang, Xuyong, and Gulin, and 3 districts, Jiangyang, Longmatan, and Naxi, with the total area of 
12247 square kilometers.  
Luzhou power grid is subordinate to power grid of Sichuan Province and responsible for providing 
power supply for three districts and four counties in Luzhou, with the total power supply area of 9821 
square kilometres. Luzhou power grid relies on the 500kv transformer substation and forms a 220kv 
bicyclical backbone network, which is shown in figure 2(b). The transformer substations in the network 
provide power supply for the transformer substations in Luxian, Hejiang, and Zhendong. The 220kv 
power grid covers the three districts and four counties in Luzhou. 
There are a number of hydropower stations and rural small hydropower in Luzhou power grid, so there 
is a large difference in power flow under different operation modes of Luzhou power grid and when every 
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transformer substation is transmitting active power, it also transmits a quantity of reactive power. When 
there is heavy load in the dry season, the power factor is very low. At present, Luzhou power grid only 
makes adjustments for the reactive power optimization according to the human experience, so there are 
many problems, which are summarized as follows. 
• The transformer substations’ allocation of reactive power compensation volume is unreasonable and 
the transformer substations are unable to realize the local reactive power balance according to the load 
changes.  
• There is the phenomenon of reactive power take-away and over-compensation, which increases the 
line load.  
• The ineffective monitoring of reactive power compensation results in the managers’ monitoring of the 
reactive power compensation device’s performance lags behind. This will easily cause some accidents 
and meanwhile, the system is unable to automatically regulate the switching volume of the reactive 
power compensation device according to the actual situations.   
To reasonably regulate the reactive power and improve the voltage quality is closely related to the 
economic development of Luzhou, so it is necessary to introduce the Smart AVC system to Luzhou 
power grid and to further optimize the reactive power flow of Luzhou power grid. 
4. Realizing the application of Smart AVC (S10) to Luzhou power grid 
With the joint efforts of Luzhou Power Administration and Nanjing Hohai Electric Software Co., Ltd, 
the Smart AVC (S10) was put into use in Luzhou power grid in April, 2011. The voltage class controlled 
by S10 includes 220kv, 110kv, and 35kv and S10 covers Yangqiao centralized control and Longma 
centralized control administered by Luzhou. Yangqiao centralized control manages the transformer 
substations in Baiyangping, Jiuzhi, Lantian, Yangqiao, Mituo, and Qiancaoba, and Longma centralized 
control manages the transformer substations in Longmatan, Chengdong, Hushi, Linzhuang, Lubei, 
Shidong, and Yutang. Because Yuguan centralized control is going to be transformed, so it is not under 
the coverage of S10. 
After three-month operation and analysis, it is found that the system can meet the needs to carry out 
the online and real-time voltage reactive control in Luzhou. Compared with the traditional AVC system, 
the Smart AVC system is more advantageous in achieving targets, analyzing breakdowns, increasing 
functions, and sharing information.   
From the data comparison of the percent of pass of voltage and the network loss, it can be seen that the 
effects of using S10 are more significant than those of using the original AVC system. From May to July, 
2011, after S10 was put into use in Luzhou power grid, the acceptability of bus voltage reached up to 
99.875％ (Class A), with the year-on-year growth of 0.022%. The statistics of network loss rate of 
Luzhou power grid from May to July, 2007 showed that the average network loss rate was 2.96%, with 
the year-on-year decrease of 0.18%; about 850 million KWH was saved and the effect of reducing loss 
and saving electricity was remarkable. The adjustment times of the load tap-changing transformer tap 
switch was decreased to 4.9 times from 5.3 times per transformer and per day; the number of operation 
was reduced by 7.55%, which can not only increase the service life of equipment but also lighten the 
intensity of examination and repair work. The application of S10 to Luzhou power grid also makes 
obvious improvements in other aspects. 
• The reconfiguration for the data base of the traditional AVC enables the data base of S10 system to 
meet the need of mass data.  
• The information flow becomes bidirectional; especially, the terminal users can share and use 
information. S10 system adopts the design of unified platform, which conveniently meets the 
requirement of information sharing.  
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• The construction and introduction of some analysis packages of system breakdowns and reactive 
power optimization makes the accident analysis of system and devices more comprehensive.   
What is mentioned above proves that the application of Smart AVC (S10) develops the potential of 
Luzhou power grid in reactive power optimization and voltage control and it makes great progresses in 
the power grid’s reactive power flow optimization, reactive power configuration forecasting, reactive 
power plan, and the early warning of reactive power accidents and so on. With the system’s constant 
improvements, the application of S10 system will bring great returns to the secure and economical 
operation of Luzhou power grid.  
5. Conclusion 
Smart AVC (S10) is the new AVC system which is developed with the development of smart power 
grid. With the constant development of researches and applications, the smart functions of Smart AVC 
(S10) will become more and more comprehensive.  
Luzhou of Sichuan Province takes the lead in putting Smart AVC (S10) in use. The effects show that 
S10 brings some of its smart functions into full play and makes the coordination control for the secure 
and economical power grid operation and the voltage quality. The humanized design and the wide use of 
bidirectional information make the Smart AVC system more advanced; compared with the traditional 
AVC system, the benefits of Smart AVC system is more obvious.  
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